Abstract. The present study investigated the effect of isothermal aging up to 2000 hours on the intermetallics formed between Sn-4Ag-0.5Cu lead free solder on electroless nickel electroless palladium immersion gold surface finish (Ni-Pd-Au). For all parameters, aging have an effect of changing the intermetallic morphology to coarser and dense structure. The intermetallic compound formed for the interconnection of the lead free solder changes with increased aging time from (Cu,Ni) 6 Sn 5 compound to (Ni,Cu) 3 Sn 4 . At the end of the 2000 hours aging time, it changes to Ni 3 Sn 4 . This is the effect of Cu element availability during the intermetallics growth process. Starting from as reflow process, (Pd, Ni)Sn 4 intermetallics formed near the interface of the solder joint. The formation of the (Pd, Ni)Sn 4 intermetallics act like a diffusion barrier to slow down the growth of interface intermetallics. Lastly, Au element was detected in the Pd-Sn based intermetallic after aging more than 1000 hours.
Introduction
Electroless nickel phosphorus plating has been widely used as a diffusion barrier layer on copper bond pad for flip chip solder bumps due to the simple process. However, there have been reported cases of reliability degradation at the interface between the surface finish and the solders due to the black pad issue. In oder to minimize this defect, one of the method that can be applied is deposition of paladium layer in between the nickel and gold plating.
Palladium is the most inexpensive compared to other platinum group metals. Typical electroless palladium plating solution consist of bivalent paladium salt as the metal source, ammonia as a complexing agent, ethylenediaminetetraacetic acid as a stabilizing agent and hydrazine as a reducing agent [1] .
During reflow process, intermetallics formed at the interface between solder and the surface finish. It is basically a result of interfacial diffusion between different chemical energies of the metals [2] . Intermetallics formed during the reflow process will continue to grow in the solid state during thermal exposure which happens to take place during testing or in service. However, the growth kinetics are much slower compared to the liquid state [2, 3] . In research, to study the effect of thermal exposure on intermetallics growth, the process is simulated through isothermal aging. The thickening of the brittle intermetallic layer during aging reduces the ability of the compound to absorb repeated deformation without cracking. The consequent grain coarsening also lowers the mechanical strength and the ductility of the soldered joint [2, 3] .
To gain a better understanding on the topic, differences in terms of morphology, intermetallics compound and thickness from as reflow process until after aging at 2000 hours at the isothermal temperature of 150°C were recorded.
Experimental Details
Boards with electroplated copper were coated with layers of nickel, palladium and gold using the electroless and immersion method. The nickel solution used in this research contained 9 wt% and above amount of phosphorus. Several attempts were made by using different bath formulations in order to obtain a solution that produces a good paladium deposit and stable at the operating conditions and during storage [1, 4, 5] .
Directly after the immersion gold plating process, the samples were masked with solder resist layer to control the solder spreading. Thin layer of flux were applied on the surface to help remove the oxides and improve wettability during soldering. Sn-4Ag-0.5Cu solder spheres of 700 micrometer in diameter were manually arranged on the board and reflowed. Peak temperatures of 259°C were used for the reflow process.
Samples for isothermal aging were exposed to 150°C for 500 hours, 1000 hours and 2000 hours. Characterization were conducted using standard metallographic sample preparation steps. Optical microscope, scanning electron microscopy (SEM), energy dispersive X-ray (EDX) and image analyzer software were used to capture the microphotograph of the intermetallics, analyse the compound formed and to measure the thickness of the intermetallics.
Results and Discussion
Intermetallic morphology microphotographs that show the different morphology of the intermetallics formed have been taken at three different locations for all the samples. Fig. 1 show the schematic of the locations at the solder bump. [6, 7, 8] . As the aging time increases, more Cu element will be tied down as intermetallics at the interface. This will reduce the Cu element percentage in the solder. Reduction of the Cu element will change the composition of the intermetallics formed at the interface, hence, the formation of (Ni, Cu) 3 [9, 10] , the Au atom diffuses inside palladium tin intermetallic to form (Pd, Ni)Sn 4 with traces of Au. Fig. 5 shows the column graphs of intermetallic thicknesses for NiPdAu samples with the effect of aging using Sn-4Ag-0.5Cu solders. From the graphs, it is clearly seen that aging increases the intermetallic thickness. But, for aging time between 500 hours to 2000 hours, the growth rate of the intermetallics is more leveled. This is because of the formation of palladium tin intermetallics at the interface. For the formation of intermetallics, the copper and tin elements must diffuse through the palladium tin intermetallics to form Cu 6 Sn 5 based intermetallic at the interface even after aging for 2000 hours. This will slow down the diffusion process, and automatically turns the palladium tin intermetallics layer into a diffusion barrier layer [11] . The SEM cross sectional views in Fig. 6 support the results found from Fig. 2 to Fig. 5 . From Fig.  6 (a) , the intermetallic after reflow is scallop like. After aging for 2000 hours at 150°C, the intermetallic layer grows to become more planar. Fig. 6 (c) shows that the Ag 3 Sn forms on top of the palladium tin intermetallic. These are the block-type Ag 3 Sn that turns rounder after aging. The Ag 3 Sn intermetallic does not react with any other element nor take part in the formation of the intermetallics at the interface during the 2000 hours isothermal aging process. 
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Conclusion
In this study, we investigated the interfacial reactions between NiPdAu surface finish with Sn-4Ag-0.5Cu solders starting from as reflow process up to 2000 hours aging time at 150°C. For the as reflow process, the intermetallics formed at the interface is (Cu, Ni) 6 Sn 5 . As the aging time increases, the availability of Cu element reduces and the intermetallics at the interface changes to (Ni, Cu) 3 Sn 4 with Ni 3 Sn 4 formed at the end of the 2000 hours isothermal aging. Other than the interface intermetallics, there are formations of floating intermetallics near the interface layer. These floating intermetallics were identified as (Ni,Pd)Sn 4 and the Ag 3 Sn compound using EDX. As the aging time increases, the morphology of the interface intermetallics expanded in size and turns into a compact planar layer. The growth rate of the interface intermetallics becomes more leveled for aging time between 500 hours to 2000 hours with thickness of 1.61 to 1.69 µm.
